were determined simultaneously in mothers and their children from delivery to several months of age. Maternal blood samples, drawn approximately 6 wk before the expected date of delivery, were also analyzed. At delivery, total vitamin D metabolites in maternal and fetal plasma were closely correlated, maternal levels being higher. Unbound (free) vitamin D metabolite concentrations were higher in fetal than in maternal plasma, with the exception of free 1,25(OH)zD levels, which were equal. This suggests a rapid placental transfer of 1,25(OH)zD. 24,25(OH)2D and 25,26(OH)2D levels both in mothers and children were closely correlated with the precursor sterol 250HD. For 1,25(OH)zD, no correlation could be demonstrated with any of the other vitamin D metabolites. DBP concentrations in maternal plasma at the time of delivery were about twice the mean adult reference value. In cord blood, DBP levels were in the lower part of the adult reference range. Maternal total 1,25(OH)2D levels, which were twice the reference mean during pregnancy, fell sharply after delivery but free 1,25(OH)2D levels much less. Analogous to the biochemical changes in the mother, the infants' DBP levels fell after birth, as a result of the sudden disappearance of the estrogen stimulus. At the same time, the mineral supply via the placenta was cut off. These two factors are probably responsible for a stimulus to 1,25(OH)2D synthesis (and/ or inhibition of 1,25(OH)zD degradation), resulting in a sharp increase of 1,25(OH)zD and an even stronger increase of free 1,25(OH)2D. Concentrations of 250HD and 1,25(OH)zD in breast milk were low. Such water-soluble metabolites as 250HD-glucuronides were not detected. Judged by plasma 250HD levels, the vitamin D stores of most children born to mothers with normal vitamin D status are depleted approximately 8 wk after delivery. Therefore, supplementation with an appropriate dose of vitamin D shortly after birth seems advisable, especially in winter. (Pediatv Res 25: 623-628, 1989) Received July 5, 1988; accepted February 9, 1989 Calcium metabolism in the pregnant woman and the fetus differs extensively from the usual adult pattern. Calcification of the fetal skeleton begins at the 8th wk. At birth, the neonate has accumulated about 30 g of calcium and 17 g of phosphorus (1). The maternal skeleton is protected against excessive bone resorption by high calcitonin levels (2). During pregnancy, the fetus builds up vitamin D stores. This is only possible if vitamin D and/or its metabolites are able to cross the placenta. As newborn infants are usually not exposed to direct sunlight, they have to rely on these stores.
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The aims of this study were I) to obtain information about placental transfer of vitamin D metabolites by measuring them in maternal and cord plasma at birth; 2) to estimate vitamin D stores in the newborn (indirectly) by longitudinal measurements of the four common vitamin D metabolites in plasma of exclusively breastfed babies; 3) to investigate, by milk analyses, if human milk supplements these stores in exclusively breastfed infants.
MATERIALS AND METHODS
Subjects. The subjects were 39 pregnant, healthy Caucasian women in the 3rd trimester of pregnancy, who gave their informed consent to participate in this study. All children were born at term, most of them early in October, and were exclusively breastfed. Venous blood samples were drawn simultaneously from mother and infant at birth and after 1, 2, 3, 4, 8, 13, and 21 wk. The number of mother-child pairs was as follows: At birth, 39; 1st wk, 26; 2nd wk 21; 3rd wk 12; 4th wk, 9; 8th wk. 9; 13th wk, 5; 21st wk, 5. In addition, maternal blood samples were drawn approximately 6 wk before the expected date of delivery.
The four common vitamin D metabolites (see Table 1 ) ancl DBP were determined in all samples. After the 1st wk of life, matching breast milk samples were also obtained and kept at -20°C until assayed. There was no clinical evidence of osteo- 
STATISTICS
Student's t test and linear regression analysis were used as appropriate. The calculation of reference ranges for the vitamin D metabolites was performed as follows. Blood samples were drawn from 36 volunteers at random moments throughout the year. This relatively small set of "normal values" was used for the calculation of percentiles using a bootstrap technique described below (9). From the original set of "normal values," entries were drawn at random to construct a new set of "normal values." At every random "draw," each concentration has an equal chance of being selected. After 99 "draws," the new set is complete. Some of the original values will occur several times; others will have escaped the drawing process. The new set allows the definition of the 90th, 80th, etc. percentile. This process was repeated lo4 times, resulting in lo4 values for each percentile. The resulting mean of each percentile was considered to be an adequate approximation of the "real" percentile. It was found that the final distributions very closely resembled log-normal distributions.
RESULTS

Plasma.
The results obtained for total and free vitamin D metabolites and DBP are shown in Figures 1 and 2 . No significant differences (Student's t test) were observed for any of the biochemical parameters on the d of birth between the mother-infant pairs who withdrew before the 21st wk and the five pairs who stayed in this study until its conclusion. Table 1 On the d of birth, a positive fetomaternal correlation existed for both total and free vitamin D metabolites (insets in Fig. 1 ). In the case of the 1,25(OH)2D index, the slope of the regression line did not differ significantly from 1, indicating an almost perfect I: 1 relationship. DBP levels in maternal and cord plasma were not significantly correlated. In the mother during pregnancy, 250HD, 24 1,25(OH)2D could be detected (mean value, -24 pmol/mL). In breast milk subjected to enzymatic hydrolysis by means of glucuronidase, the presence of glucuronides of 250HD and 1 ,25(OH)2D could not be detected.
DISCUSSION
Vitamin D metabolites in plasma.
The group of mothers we studied delivered at the end of summer. High plasma 250HD levels in the mothers were therefore expected. Maternal plasma values of 250HD, 24,25(OH)2D and 25,26(OH)2D before delivery were within the adult reference range, whereas 1,25(OH)2D levels were about twice the normal mean. This is in agreement with data in the literature. During pregnancy, unaltered or slightly decreased values were reported for 250HD (10, 1 1) and for 24,25(OH)2D (12). High maternal 1,25(OH)2D values during pregnancy and at term are well documented (10-12). At birth the four vitamin D metabolites were significantly lower in cord than in maternal plasma. In contrast with total vitamin D metabolite concentrations, free 250HD, 24,25(OH)zD, and 25,26(OH)2D levels were higher in cord than in maternal plasmas, but free 1,25(OH)2D levels were virtually identical in maternal and cord plasma. Maternal DBP plasma levels, which are mainly under estrogen control, decrease sharply after birth. Free maternal 1,25(OH)2D levels were halved within 1 wk.
In our study, maternal postpartum 24,25(OH)~D and 25,26(OH)2D levels followed the 250HD pattern, which, taking into account the mean date of delivery, is in good agreement with seasonal variations as described for The Netherlands (1 3). Total 1,25(OH)2D in infants rose sharply shortly after birth. Decreasing DBP levels in the 2nd wk led to a 5-fold increase in free 1 ,25(OH)2D. High 1 ,25(OH)2D levels reported on the 4th d of life (1 4) are in good agreement with our observation of a sharp rise of 1,25(OH)zD after the 1st wk. One study reported an increase as early as 24 h after delivery (15). This increase of 1,25(OH)2D and the even stronger increase of free 1,25(OH)zD may be a physiologic response to the cut-off in the mineral supply via the placenta.
Towards the end of the study, plasma 24,25(OH)2D levels decreased rapidly, reaching almost undetectable levels, whereas the correlation with 250HD disappeared after the 3rd wk. The biochemical function of 24,25(OH)2D in early childhood (if any) remains obscure. It might, however, be used as an "indicator" of the vitamin D stores (see below). Free 25,26(OH)~D levels may be involved in maintaining the fetomaternal calcium gradient. Using multiple linear regression analysis, up to 40% of this gradient could be explained by fetal PTH levels and the difference between fetal and maternal free 25,26(OH)2D (manuscript in preparation). The levels of 25,26(OH)~D at birth were tightly correlated witth the substrate 250HD. After birth, the levels remained relatively constant, but the correlation with 250HD levels disappeared. Compared to adults, in whom 25,26(OH)2D synthesis seems to be dependent upon the availability of the precursor 250HD, the situation in neonates becomes distinctly levels and around the 8th wk 70% of the children had plasma different after the 1st weeks of life.
250HD levels below the 5th adult reference percentile. Indeed, Placental transport. The most remarkable finding is that free exclusively breast-fed infants showed a gradual reduction of bone 1,25(OH)2D concentration in mothers equals the concentration mineral content up to the 12th wk of life when compared with observed in children. Experiments have demonstrated the trans-infants receiving breast milk plus vitamin D supplementation or port of vitamin D (metabolites) from mother to fetus (16). Net formula feeding (31) . Assuming 24,25(OH)2D is an inactive placental transport was more rapid for 250HD than for vitamin metabolite of 250HD, the low vanishing levels of the former D in ewes (1 7) and more rapid for 1 ,25(OH)2D than for 250HD might be additional evidence for the depletion of vitamin D in human placentas (18) . In a pregnant vitamin D receptor stores, favoring the biosynthesis of the active metabolite deficient patient, receiving very high doses of 1,25(OH)2D, ma-1,25(OH)2D. ternal and cord levels of total 1 ,25(OH)2D were found to be high At approximately 8 wk, in 50% of the children, a moderately and identical (1 9). elevated phosphatase level was also observed (mean value of the It seems reasonable that analogous transport mechanisms (ac-"high phosphatase group" was 6 10 U/liter; upper reference value tive transport or passive diffusion) are involved for all four 500 U/liter). vitamin D metabolites. One could speculate that only free meIn most European countries, breast feeding is common. In the tabolites can cross the placenta and that free 1 ,25(OH)2D deter-Scandinavian countries, over 50% of infants at the age of 3 mo mines the set point for the DBP level in the fetus. The fact that are still exclusively breastfed; the overall percentage for Europe levels of free 250HD, free 24,25(OH)2D, and free 25,26(OH)2D exceeds 20% (32) . In the Netherlands, this figure is about 30% are higher in cord than in maternal plasma is compatible with (33). In the Netherlands, babies are not given vitamin D before active transport against a gradient for these metabolites. the 3rd mo of life. The same is probably the case in several other Vitamin D metabolites in milk. Total antirachitic activity in countries. Our findings suggest that vitamin D supplementation, milk of nonvitamin D-supplemented lactating mothers is low regardless the season of birth, should be started in the 1st or the (15-50 U/liter) (20, 21) and vitamin D sulfate levels were un-2nd wk of life. detectable (22) . Besides being sulfated, steroids and sterols are also often excreted conjugated with glucuronic acid. Although
